It was stimulating for me to hear Dr. Leksell' s paper in which he discussed the tools ofthe physicist in neurosurgery. His work is an example of international cooperation in research and of the application of atomic energy to medicine. Both Dr. Leksell and I have benefited by collaboration with physical scientists, he with Professor Th~ Svedberg, the great Swedish physical chemist who came to Berkeley to plan the building ofthe Uppsala cyclotron. Likewise, we have had the great help of my brother, Ernest Orlando Lawrence, and of Edwin M. McMillan. Dr.· Tobias, head of our team of physicists 1 spent a year in Uppsala with Professor Svedberg helping prepare their cyclotron for biologic and I"I1:edical application. Now we are learning much from Dr. Leksell and his associates, who are using the protons from that cyclotron as a neurosurgical tool. se studies we had the valuable assistance and advice of James Vale in charge of the cyclotron, of John Lyman and Jerry Howard for dose measurements, of Wade Pratt, who expertly made the plastic head masks, and of Drs. Paul Toch, John Green, Lester Lawrence and Robert Weyand 1 who gave us neurosurgical and radiological consultation.
UCRL-10309 -Our work in this .field began in 1935 when we studied the biologic effects of heavy particle radiation in normal and in neoplastic tissues and demonstrated the greater biologic effectiveness of these heavy particles (LET 18-20 kev/!J.) at that time. l, 2 Because of this greater RBE, we tried these particles in the therapy of advanced cancer but without encouraging results largely because of the poor depth dose and great scatter of these neutrons. our investigations from 1935 to 1940 had shown that densely ionizing radiation had a greater biologic effect than X radiation on mammalian tissues. Second, with the greater energies of heavy particles now available there was the additional advantage of being able to deliver _this dense ionization to great depths in. the body with little scatter. There remained one great difficulty the problem of delineating exactly, in terms of geometry. the tumor or tissue to be irradiated. At that time therefore,. we decided against their trial in the therapy of tumors of the brain or lung, or tumors elsewhere within the body. that were easily controlled with anti-convulsant drugs until recurrence of metastatic growth and the patient' s death. A complete study of the gross and histologic findings in the pituitary and brain of those patients with advanced breast cancer coming to postmortem is now in preparation. However, during the past few years, since we began giving total dosages of 9000 to 11,000 rad or less in 11 days to the center of the pituitary of patients with malignant diabetes with retinopathy and 5,000 to 7,000 rad in 11 days to patients with acromegaly and pituitary adenomas, we have not seen these complications. -9-
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As examples of the use of the Bragg curve the following cases are presented.
The first is that of a 43-year-old female with dis.seminated breast cancer, who received alpha-particle pituitary irradiation in 1958.
The patient had a good remission, but in 1959 a lesion appeared in the right deltoid muscle .. In 1960 we decided to treat this local lesion with radiation and to use the alpha-particle beam modified to make use of the Bragg effect.
A total of 2, 500 rad was given in 5 treatments over a 7 -day interval. The beam was so modified that the maximum dose was delivered under the skin, and almost no dose went farther than 2.2 em beneath the skin, a point still about 1/2 em from the surface of the bone. The skin dose was about onethird the tumor dose, the major part of the dose going to the tumor itself.
Therapy was well tolerated, and three months later the lesion was only a slightly depressed, slightly indurated area that was non-tender and showed no definite mass. There had been no skin reaction. Impairment of vision was noted several months later, and the presence of a bony metastatic lesion involving the left optic nerve beyond the optic chiasm was suspected. over the tumor with less than 2, 000 rad to any of the skin areas.
In conclusion, by using rotation techniques or the Bragg curve we find.it possible to deliver enormous amounts. of energy to localized areas of the body including the brain, the pituitary gland and the soft tissues. Neither the United States, nor the Commlsslon, nor any person acting on behalf of the Commission:
A.
Makes any warranty or representation, expressed or implied, with respect to the accuracy, completeness, or usefulness of the information contained in this report, or that the use of any information, apparatus, method, or process disclosed in this report may not infringe privately owned ~ights; or B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of any information, apparatus, method, or process disclosed 1n this report.
As used in the above, "person acting on ~ehalf of the Commission" includes any employee or contractor of the Commission, or employee of such contractor, to the extent that such employee or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, any information pursuant to his employment or contract with the Commission, or his employment with such contractor.
